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Introduction 


Many  composite  materials  that  are  used  in  practice  exhfcit  anisotropic  properties.  To  aocowt 
for  these  effects,  several  irtegral  equation  formulsttions  for  scattering  and  radiation  ^  anisotropic 
obiects  have  been  proposed  [l-S].  The  purpose  of  tNs  paper  is  to  present  some  numerical  results  oi 
how  the  anisotropy  affects  the  scatter^  behavior  of  a  thin  plate  artd  radiation  characteristics  of : 
line  source  placed  inside  a  cylindrical  shell.  Although  in  practice  most  situations  are  three 
dimensional,  a  great  deal  of  MOrmalion  on  the  EM  nature  of  composite  stmetures  can  still  b< 
obtained  from  stuc^fing  two-dirTiensional  geornetries. 

FOrmulaHon 


Fig.  1  shows  the  geometry  of  the  thin  flat  plate  and  the  cylMrical  shell.  The  medium  k 
anisotropic  and  is  characterized  by  the  folDowing  form  of  permittiviiy  and  permeability  tensors, 
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where  eo  dnd  are  the  free  space  permftUvtty  and  permeabiGty. 


Fig.  1.  Geometry  of  the  thin  plate  and  cylindrical  shell 

The  formulation  of  scattering  and  raefiation  problems  has  aireadly  been  outlined  in  referenc 
[3].  Since  the  duaTity  concept  can  be  applied  to  obtain  the  TE  solution,  once  the  TM  solution  i 
kriown,  the  formulation  for  both  of  foese  problems  is  restricted  to  the  TM  case.  The  radar  cros 
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section  (RCS)  of  the  plate  can  be  computed  after  the  equiviUent  surface  currents  have  been 
determined  using  sur1a»:e  lnte)^l  equations.  The  z-component  of  the  scattered  electric  field  is 
obtakiedfrom 

E;(j5)  »  ^fj.(p')H?’(«?)rij'  +  ~fM,(p'Xn'-to{"’(iW)di'  (2) 

4  J 

by  taking  large  argument  expansions  of  the  Hankel  ftinctions.  In  the  above  equation.  is  the  angle 
that  untt  normal  makes  with  the  x-axis,  and  p  corresponds  to  the  direction  of  the  far  field.  The  RCS 
is  defined  through  the  following  relation; 


cr  =  liml  2 


where  E‘  is  the  incident  plane  wave  field. 

The  anisotropic  shel  is  ffluminated  by  a  source  placed  inside.  For  this  particular  case,  the  TM 
pdartzed  line  source  has  the  E  «id  H  fields  that  are  ghrm  by  [  4] 


E‘  =  -z^IJ(p.^)Hf>(iklp-pD 


'• -i'-lilbli,., 

1  I,  if I 


-V  X  E* 


with  I,  and  /(p,^)  being  the  line  source  current  and  taper  pattern  function,  respectively.  The 
lintegrai  equations  are  then  soh^  for  the  surtace  equivalent  currents  on  the  shell,  and  the  radiation 
pattern  is  oomputed  from  them. 

Bgwtta  . 

The  scattering  proper^  of  a  thin  plate  dPeto  TEexcSalion  are  shown  bi  Figs.  2  and  3.  The 
anisotropic  plate  is  lossless  «id  is  characterfzed  by  three  sets  of  material  parameters,  namely  (cxx  « 
2,  ^  «  4),  (exx  -4,1^-  (tec  *  2,eyy-4,e5gr--«yx-2)  with  zz-eiement  of  permeability  equal 
to  Z.  The  excKatton  K>  ^  Matterer  is  a  ii^i^ed  p^  wave  with  frequency  of  300  MHz.  Both 
incidence  angles  of  0^  and  4^  '^  fcbnsideied:  ^  inddence,  the  RCS  patterns  of  plates 

with  (Wrerent  diagonal  pem^ttMty  tensors  dMer  sigitfficantiy.  This  is  particular^  evident  in  the 
backscatterftig  direction  (48  <-180^.  At  this  angle,  the  RCS  oorre^ndkig  to  case  (b)  is  nearly  30  dB 
lower  than  the  calculated  RCS  for  case  (a).  The  Mioduction  of  exy  -  •  eyx  -  2  seems  to  raise  the 
RCS  level  in  both  forward  tndbackscatte^  dhectlocB.  As  the  direction  ornddence  is  skewed,  the 
scattered  field  from  the  piateabo  changes.  Fig.  3  shows  the  RCS  of  the  plate  when  41-450.  Under 
such  oondBions  the  inddertt  field,  which  now  has  both  X- and  y- components,  senses  every  element  of 
[e]  tensor. 

In  the  above  cases,  the  anisotropic  mecfium  is  assumed  to  be  characterized  by  tensor 
elements  whose  numerfcai  values  are  quSedHferent  from  one  another.  For  the  following  case  dealing 
with  radiation  from  a  fine  source  inside  a  circular  shell,  medium  parameters  corresponding  to  those  of 
actual  composites  thsft  were  determined  from  the  measurements  are  used.  Particuiarty,  for  the  E- 
glass  composite,  where  tensor  elements  Cxx  and  cyy  range  fromS -JO.!  to5-j0.l25andfrom4.5 
-j0.09  to  4.5  •]0.112S,  respecttvely,  the  shell  is  lossy  wlh  inner  and  outer  radiii  diosen  to  be  0.1  and 
0.1^  m.  The  polarized  source  at  400  MHz  is  located  at  the  center  and  is  assumed  to  be  radiating 
unVormiy  in  aO  drsdions.  Fig.  4  shows  the  power  toss  as  a  fundion  of  the  anisotropy  and  material 
oonducfivity.  The  two  cunres  are  calculated  by  varying  one  c:dment  of  (oj  whSe  keeping  the  others 
constant.  The  real  parts  of  exx  arte  are  5  arte  4.5,  respectively.  Notice  that  the  power  loss  is  not 
the  same  for  increasing  lo^  tangerx  values  in  x*  arte  y'directions.'  Tfie  corresponding  radiation 
pattern  of  the  shel  Is  shown  in  Fig.  5.  De^e  the  Mgh^  symmetric  geometry  and  uniformity  of  the 
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exOitatbn,  the  rsKfiation  pattern  Is  not  unHona  This  is  a  drect  consequence  of  mateifai 
even  thoi^  ttie  actual  dffeience  between  cxx  and  eyy  is  small 
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Fig.  2.  Scattering  cross  section  of  a  thin  plate  virith  0^  incidence  (a)  exx  °  2.  cyy  «  4 
(b)  Exx  =  4.  eyy  =  2  (c)  exx  •=  2,  eyy  =  4,  Cxy  =  -  Eyx  =  2 


Fig.  3.  Scattering  cross  section  of  a  thin  plate  with  45®  incidence  (a)  exx  =  2,  eyy  =  4 
(h)  Exx  =  4,  Eyy  =  2  (C)  Exx  =  2,  Eyy  =  4.  Exy  =  -  Eyx  =  2 


